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QG,QWHUQDWLRQDO&RQIHUHQFHRQ0HFKDQLFDO,QGXVWULDODQG0DQXIDFWXULQJ
(QJLQHHULQJ
'LJLWDO&RQWUROOHU,PSOHPHQWDWLRQIRU(OHFWURK\GUDXOLF0RWLRQ
6LPXODWRU%DVHGRQ0$6DQG5&3
=KRQJEDR/XR=KLGRQJ<DQJ'DFKHQJ&RQJ%LQJ=KDQJ
6FKRRORI0HFKDWURQLFV(QJLQHHULQJ+DUELQ,QVWLWXWHRI7HFKQRORJ\+DUELQ35&KLQD

$EVWUDFW
$GLJLWDO FRQWUROOHUEDVHGRQ'63ZDVSURSRVHG IRU HOHFWURK\GUDXOLFPRWLRQ VLPXODWRU7KLVGLJLWDO FRQWUROOHU QRWRQO\
RIIHUHGDQLQWHJUDOVROXWLRQIRUSRVLWLRQVHUYRV\VWHPLQPRWLRQVLPXODWRUEXWDOVREHQHILWHGWRLOOXVWUDWHKRZWRFRPELQH
0$6PHWKRGRORJ\ ZLWK 5&3 WHFKQRORJ\ LQ FRPSOH[ FRQWURO V\VWHP GHVLJQ%\ DSSO\LQJ0$6PHWKRGRORJ\ PRWLRQ
VLPXODWRU¶VFRQWUROV\VWHPZDVSDUWLWLRQHGLQWRFRRSHUDWHGFRQWUROOHUDJHQWVZLWKFOHDUKLHUDUFK\'LJLWDOFRQWUROOHULQWKLV
SDSHUZDVLPSOHPHQWHGDVDQDJHQWFRQWUROOHUFRUUHVSRQGLQJWRWKHUROHRQDQDFWXDWRU¶VSRVLWLRQFRQWURO$FFRUGLQJWRWKH
GLYLVLRQ RI FRQWUROOHU¶V DJHQW WDVN KDUGZDUH DQG VRIWZDUH SODWIRUPV ZHUH PRGXODUL]HG )XUWKHUPRUH WKH VRIWZDUH
SODWIRUPZDVFRGHGXVLQJ0DWODE6LPXOLQNDQG57:EDVHGRQ5&3WHFKQRORJ\ZKLFKLVGLVWLQJXLVKHGZLWKFODVVLF0$6
PHWKRGRORJ\%\LQWHJUDWLQJ5&3WHFKQRORJ\ZLWK0$6PHWKRGRORJ\DVHDPOHVVDQGHIILFLHQWURXWHIRUFRQWUROV\VWHP
GHVLJQZDVSURYLGHG IURPV\VWHPUHTXLUHPHQW WRSUDFWLFDOGLJLWDO FRQWUROOHUDQG WKHSHUIRUPDQFHRI WKLVFRQWUROOHUZDV
DOVRLQYHVWLJDWHG
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DUWL¿FLDO LQWHOOLJHQFH $, D VLQJOH DJHQW UHSUHVHQWV DQ DEVWUDFW HQWLW\ ZKLFK IRFXVHV RQ VROYLQJ SDUWLFXODU
SUREOHP LQGLYLGXDOO\ DQG DOO DJHQWV FDQ DOVR EH FRRSHUDWHG DQG LQWHUDFWHG WR IXOILOO WKH IXQFWLRQ RI ZKROH
FRQWUROV\VWHP5HFHQWO\ WKHUHVHDUFKRQ0$6DQG LWVDSSOLFDWLRQ LQHPEHGGHGV\VWHPGHVLJQ IRUFRPSOH[
PHFKDWURQLFFRQWUROV\VWHPLVRQWKHULVH
-HQQLQJVHWDOHVWDEOLVKHGDFRPSUHKHQVLYHRYHUYLHZRQWKHUHVHDUFKDQGGHYHORSPHQWDFWLYLWLHVLQWKH¿HOG
RIDXWRQRPRXVDJHQWVDQGPXOWLDJHQWV\VWHPV>@%UHHPHQIXUWKHUHGWKLVPHWKRGRORJ\E\LQWURGXFLQJDQHZ
FRQFHSWQDPHGFRQWUROOHUDJHQWDQGSUHVHQWLQJDQLPSOHPHQWDWLRQIUDPHZRUNWRUHDOL]HDQDJHQWEDVHGPXOWL
FRQWUROOHU V\VWHP$ WHOHRSHUDWLRQPRELOH URERWZDVPRGHOHG DQG LPSOHPHQWHG EDVHGRQ0$6YLHZSRLQW
UHDOWLPHRSHUDWLRQ V\VWHP 5726ZDV HPSOR\HG IRU VRIWZDUHGHVLJQ WR HQVXUH HYHU\ DJHQW WDVN UHDOWLPHO\
UXQQLQJRQHPEHGGHGV\VWHP¶VKDUGZDUH>@;LQJ:XHWDOHVWDEOLVKHGDJRRGSDUDGLJPWRLOOXVWUDWHKRZWR
SDUWLWLRQWKHFRPSOH[PHFKDWURQLFFRQWUROV\VWHPLQWRVRPHFRRSHUDWHGFRQWUROOHUDJHQWVDQGDOVRGHVFULEHG
WKHWUDQVIRUPDWLRQSULQFLSOHIURPDJHQWFRQWUROOHUWRDJHQWWDVNV>@
$OWKRXJKFRQVLGHUDEOHUHVHDUFKKDVEHHQGHYRWHGWRDSSO\0$6PHWKRGRORJ\LQFRPSOH[FRQWUROV\VWHP
GHVLJQ UDWKHU OHVV DWWHQWLRQ KDV EHHQ SDLG WR LPSURYH WKH HIILFLHQF\ DQG VLPSOLI\ WKH GHVLJQ SURFHVV RI D
FRQWUROOHUDJHQW7KLVSUREOHPKDVVHULRXVO\H[SRVHGLQPRGHUQGLJLWDOFRQWUROOHUDJHQWHTXLSSHGZLWKVRPH
DGYDQFHGDOJRULWKPVZKLFKLVYHU\WLPHFRVWLQJDQGERULQJH[SHULHQFHWRSURJUDPWKRVHFRPSOH[DOJRULWKPV
,QDGGLWLRQWKHSUREOHPPD\EHFRPHZRUVHZKHQZHILQDOO\ILQGWKHSURJUDPPHGDOJRULWKPVDUHQRWVXLWDEOH
IRU SUDFWLFDO FRQWURO REMHFWV 7KHUHIRUH D PHWKRG LV HDJHUO\ QHHGHG WR DFFHOHUDWH DQG VLPSOLI\ WKH GHVLJQ
SURFHVVRIDFRQWUROOHUDJHQW
,QWKLVSDSHUUDSLGFRQWUROSURWRW\SLQJ5&3WHFKQRORJ\LVDSSOLHGWREULGJHWKHJDSEHWZHHQWKHRUHWLFDO
FRQWURO DOJRULWKP DQG SUDFWLFDO HPEHGGHG GLJLWDO FRQWUROOHU ZKLFK SURYLGHV VRPH VXIILFLHQW WRROV IRU
WUDQVPLWWLQJ EORFN GLDJUDP LQWR H[HFXWDEOH FRGH 7KH GHVLJQ PHWKRG DQG GHVLJQ HIILFLHQF\ ZLWK 5&3
WHFKQRORJ\ KDV EHHQ LQYHVWLJDWHG LQ HPEHGGHG V\VWHP ZLWK '63 E\ VRPH SUHFXUVRUV >a@ ,Q WKLV GHVLJQ
SURFHVVRIHOHFWURK\GUDXOLFPRWLRQVLPXODWRU¶VFRQWUROV\VWHPZHILUVWO\LPSOHPHQW0$6GHVLJQWRSDUWLWLRQ
PRWLRQ VLPXODWRU¶V FRQWURO V\VWHP LQWR FRRSHUDWHG FRQWUROOHU DJHQWV 7KHQ WKH FRQWUROOHU DJHQW DVVLJQHG WR
FRQWUROWKHSRVLWLRQRIDF\OLQGHULVIXOO\VWXGLHGRQKDUGZDUHDQGVRIWZDUHOHYHO(VSHFLDOO\ZHDFFRPSOLVK
WKH DJHQW WDVNV RI WKLV FRQWUROOHU ZLWK PDWODEVLPXOLQN DQG UHDOWLPH ZRUNVKRS 57: EDVHG RQ 5&3
WHFKQRORJ\)LQDOO\WKHIHDVLELOLW\RIWKLVGLJLWDOFRQWUROOHULVYHULILHG
%DVLFFRQFHSWVDQGWUDGLWLRQDOGHVLJQSURFHVVRI0$6
%DVLFFRQFHSWVRI0$6
• $JHQWV0$6&RQWUROOHUDJHQW$QDJHQWUHSUHVHQWVDQDEVWUDFWHQWLW\ZKLFKLVDEOHWRVROYHDVSHFLDOL]HG
SUREOHP7KHIXQFWLRQRIZKROHFRQWUROV\VWHPFDQDOVREHIXOO\IXOILOOHGE\LQWHJUDWLQJDOODJHQWV LQWRD
PXOWLDJHQWVV\VWHP0$6$FRQWUROOHUDJHQWFRQWDLQVDOOLQIRUPDWLRQRIDSDUWLFXODUFRQWUROVXESUREOHP
LQFOXGLQJWKHFRQWURODOJRULWKPVIRUV\VWHP¶VSHUIRUPDQFHWKHSURWHFWPHDVXUHVIRUV\VWHP¶VVDIHW\DQGWKH
FRRUGLQDWLRQPHFKDQLVPV
• $JHQW WDVNV $JHQW WDVN LV WKH GHWDLO FRQFHSW RI 0$6 ZKLFK UHSUHVHQWV WKH LQGLVSHQVDEOH WDVNV IRU
VXSSRUWLQJ WKH REMHFWLYH RI D FRQWUROOHU DJHQW )RU DQ HPEHGGHG FRQWUROOHU DJHQW XVHG LQ VHUYR FRQWURO
V\VWHP WKH DJHQW WDVNV FDQ EH PDLQO\ FODVVLILHG LQWR  W\SHV DFTXLULQJ IHHGEDFN VLJQDO IURP VHQVRUV
JHQHUDWLQJ UHIHUHQFH ZDYHIRUP LPSOHPHQWLQJ FRQWURO DOJRULWKP GULYLQJ FRUUHVSRQGLQJ DFWXDWRUV DQG
FRPPXQLFDWLQJZLWKRWKHUFRQWUROOHUDJHQWV(DFKDJHQWWDVNLVFRGHGVHSDUDWHO\DQGDVVLJQHGZLWKDIL[HG
SULRULW\EDVHGRQWKHIXQFWLRQDOREMHFWLYHRIFRQWUROOHUDJHQW
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7UDGLWLRQDOGHVLJQSURFHVVRI0$6
7KHFODVVLFGHVLJQSURFHVVRIDPXOWLDJHQWVV\VWHPFDQEHVXPPDUL]HGLQWRWKUHHVWDJHV
• 0$6GHVLJQ,QWKLVGHVLJQSKDVHWKHKLJKOHYHODEVWUDFWLRQQHHGVWREHFRPSOHWHG7KHPDLQGXW\LQWKLV
VWDJH LV WR SDUWLWLRQ WKH ZKROH FRQWURO V\VWHP WR PDQ\ FRQWUROOHU DJHQWV DQG HVWDEOLVK UHDVRQDEOH
FRRSHUDWLYHPHFKDQLVPVWRFRRUGLQDWHFRQWUROOHUDJHQWV¶EHKDYLRUV
• +DUGZDUHGHVLJQIRUFRQWUROOHUDJHQW&RQWUROOHUDJHQWVZLWKGLIIHUHQWREMHFWLYHVUHTXLUHYDULRXVKDUGZDUH
UHVRXUFHVWRVXSSRUWFRUUHVSRQGLQJRSHUDWLRQV)RUFRPPRQHPEHGGHGFRQWUROOHUDJHQWWKHKDUGZDUHFDQ
EH RUJDQL]HG LQWR IROORZLQJ PRGXOHVLQSXW 	 RXWSXW SRUWV,23LQSXW 	 RXWSXW FRQGLWLRQLQJ
FLUFXLWV,2&& FRPPXQLFDWLRQ GHYLFH&'PLFURSURFHVVRU 	 SHULSKHUDO FLUFXLWV03&
PHPRU\SRZHUVXSSO\362QHSUDFWLFDOFRQWUROOHUDJHQWREWDLQVRQHRUPRUHPRGXOHVDFFRUGLQJWR
WKHREMHFWLYHRIFRQWUROOHUDJHQW
• 6RIWZDUH GHVLJQ IRU FRQWUROOHU DJHQW:H FDQ LPSOHPHQW WKH FRQWUROOHU DJHQWV RQ WKH HPEHGGHG FRQWURO
V\VWHPVE\XVLQJ WKHPXOWLWDVNLQJ5726NHUQHODW WKHVRIWZDUH OHYHO$SULRULW\DVHWRI&38UHJLVWHUV
DQGVRPHVWDFNDUHDVDUHDVVLJQHGWRHDFKDJHQWWDVN,QWKLVPHWKRGDQDFWXDOHPEHGGHGV\VWHPSRVVHVVHV
WKH UHDOWLPHPXOWLWDVN SURFHVVLQJ FDSDFLW\ DQG HDFK DJHQW WDVN FDQ EH H[HFXWHG FRQFXUUHQWO\ ,Q VRPH
HPEHGGHGV\VWHPZLWKRXW5726LQWHUUXSWVRI&38WLPHUFDQDOVREHDSSOLHGWRHQVXUHHYHU\DJHQWWDVNLQ
,65LQWHUUXSWVHUYLFHURXWLQHH[HFXWHGUHDOWLPHO\RQ&38VRPHDJHQWVWDVNVZLWKORZHUSULRULW\VKRXOG
EHORFDWHGRXWVLGH,65ZKLFKZLOOEHSURFHVVHGZKHQ&38LVIUHH
$SSOLFDWLRQRI5&3LQHPEHGGHGV\VWHPZLWK'63
7KHUDSLGSURWRW\SLQJWHFKQRORJ\FRQQHFWV0DWK:RUNV¶GHYHORSPHQWVRIWZDUHPDWODEVLPXOLQNDQG57:
ZLWK 7,¶V '63 WR IRUP DQ LQWHJUDWHG GHYHORSPHQW HQYLURQPHQW IRU UHDOWLPH DSSOLFDWLRQV ,W SURYLGHV DQ
DXWRPDWLFDQGVHDPOHVVDSSURDFKIRUVLPXOLQNJUDSKLFDOPRGHOUXQQLQJRQKDUGZDUHV\VWHPV7KHNH\DVSHFW
RIUDSLGSURWRW\SLQJLVDXWRPDWLFFRGHJHQHUDWLRQZKLFKLPSURYHVWKHGHVLJQHIILFLHQF\IURPDUWLILFLDOFRGLQJ
LQWRDQDXWRPDWLFSURFHVV$W\SLFDOGHYHORSPHQWSURFHVVRIDUHDOWLPHDSSOLFDWLRQEDVHGRQ5&3FRPSULVHV
WKHIROORZLQJVWHSV
• &UHDWLQJ WKH '63 PRGHO 7KH ILUVW VWHS LV WR FUHDWH D '63 PRGHO LQ VLPXOLQN DQG FRQILJXUH UHODWHG
SDUDPHWHUVIRUDVSHFLILF'63SURFHVVRU
• %XLOGLQJ DQG HYDOXDWLQJ WKH DOJRULWKP 'HVLJQ DQG VLPXODWH WKH DOJRULWKPV XVLQJ PDWODE VLPXOLQN DQG
RWKHUWRROER[HV
• *HQHUDWLQJH[HFXWDEOHFRGHIRUUHDOWLPHDSSOLFDWLRQ2QFHDFKLHYLQJWKHGHVLUHGVLPXODWLRQUHVXOWV57:
WRRONLWLVXVHGWRWUDQVIRUPJUDSKLFPRGHOLQWRFFRGHVZKLFKFRPSOHWHVDOOQHFHVVDU\VWHSVWRSUHSDUHWKH
UHDOWLPHDSSOLFDWLRQ)LQDOO\WKHDSSOLFDWLRQLVFRPSLOHGE\7,&RPSLOHUDQGGRZQORDGHGWRWKH'63
3DUDGLJPVHUYRGLJLWDOFRQWUROOHUIRU'2)PRWLRQVLPXODWRU
0$6GHVLJQRI'2)PRWLRQVLPXODWRU
7KHPDLQDOJRULWKPVDQGVFKHPDWLFVWUXFWXUHRI'2)PRWLRQVLPXODWRU¶VFRQWUROV\VWHPDUHSUHVHQWHGLQ
)LJDQG)LJ,QJHQHUDOWKLVFRQWUROV\VWHPFDQEHGLYLGHGLQWRWKUHHFRRSHUDWHGFRQWUROOHUDJHQWVZKLFK
FDQEH WHUPHG DVPRQLWRUFRRUGLQDWRU DQG6'& VHUYRGLJLWDO FRQWUROOHU EDVHGRQ'637KH UROHRI HDFK
FRQWUROOHU DJHQW QHHGV WR EH VSHFLILHG 0RQLWRU SURYLGHV *8, JUDSKLFDO XVHU LQWHUIDFH IRU FXVWRPV WR
FRQILJXUH WKH WHVW SDUDPHWHU DQG VXSHUYLVH WKH WHVW SURFHVV 7KH PDLQ UHVSRQVLELOLW\ RI FRRUGLQDWRU LV WR
FRQYHUWXVHUGHILQHGUHIHUHQFHVLJQDOWRUHODWLYHGLVSODFHPHQWRIHDFKF\OLQGHULQRWKHUZRUGWRH[HFXWHWKH
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LQYHUVHNLQHPDWLFVDOJRULWKP)LQDOO\ WKHUHODWLYHGLVSODFHPHQWRIHDFKF\OLQGHU LVDFFXUDWHO\FRQWUROOHGE\
FRUUHVSRQGLQJ6'&,QSUHVHQWVWXG\,ZLOOIRFXVRQWKHGHVLJQSURFHVVRI6'&

)LJEDVLFDOJRULWKPVIRU'2)PRWLRQVLPXODWRU

)LJVFKHPDWLFVWUXFWXUHRI'2)PRWLRQV\VWHP¶VFRQWUROV\VWHP
)URP)LJ ZH FDQ UHDOL]H WKDW6'&V RQO\ LQWHUDFW ZLWK FRRUGLQDWRUE\&$1 EXV VR WKH FRRUGLQDWLRQ
PHFKDQLVPVEHWZHHQ6'&VDQGFRRUGLQDWRUDUHPDLQO\IRUPXODWHGDERXW&$1FRPPXQLFDWLRQ
• +LJK OHYHOSURWRFRO IRU&$1FRPPXQLFDWLRQ7KHKLJK OHYHOSURWRFRO IRU&$1FRPPXQLFDWLRQ LQRWKHU
ZRUGVLVWKHIRUPDWRI&$1PHVVDJH¶VGDWDILHOGZKLFKPXVWFRQWDLQWKHSRVLWLRQDFFHOHUDWLRQSUHVVXUH
GDWDDQGVRPHRWKHU%RROHDQVDIHW\VWDWHV2QWKHEDVLVRI&$1ESURWRFROWKHFDSDFLW\IRUHYHU\&$1
PHVVDJH¶V GDWD ILHOG LV  ELW ,Q WKLV VWXG\ ZH GHFRPSRVH WKH GDWD ILHOG LQWR WZR SDUWV ELW IRU
SRVLWLRQDFFHOHUDWLRQSUHVVXUHGDWDELWIRUHDFKDQGELWIRUUHVHUYHELWIRU%RROHDQVDIHW\VWDWHV
• &RPPXQLFDWLRQPRGHRIVL[6'&V:LWKWKHSXUSRVHWRDYRLGWKHPHVVDJHMDPRQ&$1EXVZHFODULI\WKH
FRPPXQLFDWLRQPRGHIRUVL[6'&VWRDVVXUHRQO\RQH6'&VHQGLQJPHVVDJHDWWKHVDPHWLPH7ZRNLQGV
RIFRPPXQLFDWLRQPRGHDUHSURSRVHGQRUPDOPRGHDQGSURWHFWPRGH ,QQRUPDOPRGH LWK6'& ILUVWO\
VHQGVLWK&$1PHVVDJHRWKHU6'&VDQGFRRUGLQDWRUPRQLWRUWKHPHVVDJHRQ&$1EXV2QFHLWK6'&
ILQGVLWK6'&KDVILQLVKHGGDWDWUDQVPLVVLRQLWK6'&ZLOOFRQWLQXHWRWUDQVPLWLWK6'&¶VPHVVDJH
2WKHU 6'&V ZLOO IXUWKHU SULRU SURFHVV DQG WUDQVPLW WKH PHVVDJHV LQ HQGOHVV FLUFOHV 7KH WUDQVPLVVLRQ
LQWHUYDO IRU HYHU\PHVVDJH LV WZRPLOOLVHFRQG ,Q SURWHFWPRGH WKH6'& ZLWK IDXOWPXVW EURDGFDVW WKH
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SURWHFWPHVVDJHWRDOO6'&VDQGFRRUGLQDWRUXVLQJDPDLOER[ZLWKFRPPRQLGHQWLILHUDQGFRUUHVSRQGLQJ
SURWHFWPHFKDQLVPZLOOEHLQLWLDWHGE\DOO6'&VVLPXOWDQHRXVO\
+DUGZDUHGHVLJQIRU6'&
7KHKDUGZDUHPRGXOHVVKRZQLQ)LJDUHHTXLSSHGIRUWKLVDJHQWFRQWUROOHULQDFFRUGDQFHZLWKSUHYLRXV
GLVFXVVLRQ7KHGHWDLOLQIRUPDWLRQZLOOEHEULHIO\SUHVHQWHG

)LJDKDUGZDUHPRGXODUL]DWLRQIRU6'&ESUDFWLFDOFLUFXLWRI6'&¶VKDUGZDUH
• ,QSXW	2XWSXW3RUWV7KH ,23PRGXOHRI6'&PDLQO\ LQFOXGHV VHYHQSRUWV  WKUHHSRUWVDUHXVHG WR
FRQQHFWSRVLWLRQVHQVRUDFFHOHUDWLRQVHQVRUGLIIHUHQWLDOSUHVVXUHVHQVRUZLWK,2&&RQHSRUWRXWSXWV
WKHFRQGLWLRQHGGULYHVLJQDOWRVHUYRYDOYHRQHSRUW LQSXWVWKHUHIHUHQFHVLJQDO IURPFRRUGLQDWRU
RQH SRUW LQSXWV 9 SRZHU VXSSO\ IRU WKUHH VHQVRUV  RQH SRUW FRPPXQLFDWHV ZLWK RWKHU FRQWUROOHU
DJHQWVE\&$1EXV
• ,QSXW	2XWSXW&RQGLWLRQLQJ&LUFXLWV7KH,2&&PRGXOHFRQWDLQVSDUWVWKUHHFRQGLWLRQLQJFLUFXLWV
DUHGHVLJQHGWRDGMXVWWKHSRVLWLRQDFFHOHUDWLRQSUHVVXUHVHQVRU¶VRXWSXWYROWDJHFXUUHQWLQWRGHVLUHGUDQJH
RQHFRQGLWLRQLQJFLUFXLWSURYLGHVGULYHVLJQDOIRUVHUYRYDOYH
• &RPPXQLFDWLRQ GHYLFH &$1 EXV LV DSSOLHG WR FRPPXQLFDWH ZLWK RWKHU FRQWUROOHU DJHQWV &$1
WUDQVFHLYHUVQDPHG61+9'LVHPSOR\HGDVWKHFRPPXQLFDWLRQSK\VLFDOOD\HUZKLFKVDWLVILHVZLWK
,62VWDQGDUG
• 0LFURSURFHVVRU	3HULSKHUDO&LUFXLWV,Q03&PRGXOH)38IORDWLQJSRLQWSURFHVVRUQDPHG'63
LVHPSOR\HGDVWKHPDMRUPLFURSURFHVVRUWRSURFHVVWKHFRQWURODOJRULWKPV+LJKSUHFLVLRQ$'&DQG'$&
FKLSV QDPHG$'$' DUH H[WHQGHG IRU'63 WR LPSURYH WKH FRQWURO DFFXUDF\ RI6'&
&3/'LVDSSOLHGDVVODYHSURFHVVRUWRJHQHUDWHFRQYHUVLRQORJLFIRU$'DQG$'-$7*FLUFXLW
FORFNLQJFLUFXLWUHVHWFLUFXLWDUHDOVRGHVLJQHG
• 3RZHU6XSSO\ ,QSRZHUVXSSO\PRGXOHZHQRWRQO\SURYLGHSRZHUVXSSO\IRUFRPSRQHQWVRI6'&EXW
DOVRDIIRUGSRZHUVXSSO\IRUWKHVHQVRUVDQGVHUYRYDOYHV
 6RIWZDUHGHVLJQIRU6'&EDVHGRQ5&3
0DWODEVLPXOLQNDQG57:DUHHPSOR\HGWRGHYHORSWKHDJHQWWDVNVEDVHGRQ5&3WHFKQRORJ\:HILUVWO\
HVWDEOLVKHGWKHVLPXOLQNPRGHORIDJHQWWDVNVDQGWHVWWKHYDOLGLW\RIFRQWURODOJRULWKPVLQVLPXOLQN7KHQZH
FRQYHUWWKHVLPXOLQNPRGHOLQWR&FRGHVE\57:DQGDSURMHFWLVDXWRPDWLFDOO\FUHDWHGLQ&&6DQLQWHJUDO
HQYLURQPHQWSURYLGHGE\7,&RPSDQ\$IWHUWKLVZHPRGLI\WKHDXWRJHQHUDWHGFRGHVDQGDGGRWKHUDJHQW
WDVNVLQWRWKLVDSSOLFDWLRQ)LQDOO\WKHSURJUDPPHGDSSOLFDWLRQLVFRPSLOHGDQGGRZQORDGHGLQWR'63
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$VVKRZQLQ)LJIRXUDJHQWWDVNVDUHSURJUDPPHGLQVLPXOLQNWKHDJHQWWDVNVDERXW&$1FRPPXQLFDWLRQ
LVFRGHGLQFODQJXDJH6RPHGHWDLOVDERXWDJHQWWDVNV¶SURJUDPPLQJZLOOEHLQWURGXFHG
)LJDJHQWWDVNVRIFRQWUROOHUDJHQW6'&
• 6'&BVLJBDFTXVLWLRQ ,Q RUGHU WR UHGXFH WKH FRVW RI WKLV FRQWUROOHU D PXOWLSOH[HU QDPHG $'* DQG
$'DUHLQWHJUDWHGWRDFTXLUHIRXUDQDORJVLJQDOV7KHVZLWFKWLPLQJRI$'*QHHGVWREHVWULFWO\
FRQWUROOHGWRJXDUDQWHHWKHYDOLGLW\RI$'&¶VFRQYHUVLRQVRWKLVSDUWLVSURJUDPPHGLQ&ODQJXDJHDQGWKH
FRQYHUVLRQ UHVXOW LV VWRUHG LQ D IL[HGPHPRU\ 7KH VLPXOLQN PRGHO REWDLQV WKH FRQYHUVLRQ UHVXOW XVLQJ
5HDG)URP0HPRU\EORFNLQ7DUJHW6XSSRUW3DFNDJH7&
• 6'&BVHUYRBFRQWUROOHU 6HUYR FRQWUROOHU 3,' FRQWUROOHU DQG IHHGIRUZDUG FRPSHQVDWLRQ LV VLPSO\
SURJUDPPHGXVLQJVLPXOLQNEORFNVDQGWKHSDUDPHWHUVRIWKLVFRQWUROOHUDUHDOVRGHWHUPLQHGLQVLPXOLQN
DIWHU WKHSURSHUHVWLPDWLRQRISRVLWLRQV\VWHP¶VWUDQVIHUIXQFWLRQ2WKHUDGYDQFHGDOJRULWKPVFDQDOVREH
HDVLO\SURJUDPPHGLQVLPXOLQN
• 6'&B&$1BUHFHLYHU	6'&B&$1BVHQGHU:HHQFDSVXODWHVHQGLQJPHVVDJHDQGUHFHLYLQJPHVVDJHLQWR
WZRIXQFWLRQV'63B&$1%5HFHLYHDQG'63B&$1%6HQG7KHLWK6'&B&$1BUHFHLYHUFDOOV
'63B&$1%5HFHLYHWZRWLPHVLQRQHORRS2QHLVWRUHFHLYHWKHLWK6'&¶V&$1PHVVDJHXVLQJ
DPDLOER[ZLWK VDPH LGHQWLILHUDV ODVW6'& WR ILQGZKHWKHU ODVW6'&KDV ILQLVKHG WKHGDWD WUDQVPLVVLRQ
2QHLVIRUWKHSURWHFWPHVVDJHXVLQJFRPPRQSURWHFWLGHQWLILHUWRDFNQRZOHGJHWKHIDXOWVRQRWKHU6'&V
2QWKHRWKHUVLGH'63B&$1%6HQGLVRQO\FDOOHGRQFHE\6'&B&$1BVHQGHUWRVHQGWKHPHVVDJH
XVLQJGLIIHUHQWLGHQWLILHUIRUGLYHUVHSXUSRVH,QQRUPDOPRGHWKHLGHQWLILHURILWK6'&LVPHUHO\VDPHDV
LWK6'& WRPDNHVXUHQH[W6'&NQRZZKHQLWFDQVHQGLWVRZQ&$1PHVVDJH,QSURWHFWPRGHWKH
LGHQWLILHU RI LWK 6'& LV VDPH DV WKH LGHQWLILHUV RI DOO 6'&V¶ SURWHFW PDLOER[ WR PDNH VXUH DOO 6'&V
UHFHLYLQJWKHSURWHFWPHVVDJHDWVDPHWLPH
 9DOLGDWLRQWHVWRI6'&LQVHOIWHVWPRGH
,QRUGHUWRWHVWWKHYDOLGDWLRQRI6'&LQSUDFWLFH*8,K\GUDXOLFF\OLQGHUDQGKRVWFRPSXWHUXVHGLQWHVW
ZDV SUHVHQWHG LQ )LJ 7KLV *8, FRPSULVHG VL[ LQGHSHQGHQW SDUWV &$1 FRPPXQLFDWLRQ SDUDPHWHUV
UHIHUHQFH VLJQDO SDUDPHWHUV VHUYR FRQWUROOHU SDUDPHWHUV ORJLF FRQWURO XQLW &$1 PHVVDJH
PRQLWRU SRVLWLRQPRQLWRURIF\OLQGHU:HFRXOGFRQILJXUH WKHSDUDPHWHUVRI6'&XVLQJSULRU IRXUSDUWV
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FRUUHVSRQGLQJLQVWUXFWLRQPHVVDJHVZDVIRUPHGDFFRUGLQJWRWKHXVHUGHILQHGSDUDPHWHUVDQGWKHQWUDQVPLWWHG
WR6'&E\&$1EXV$WWKHVDPHWLPH6'&WUDQVPLWWHGWKHIHHGEDFN&$1PHVVDJHWRKRVWFRPSXWHU&$1
PHVVDJHDQGSRVLWLRQRIF\OLQGHUZHUHGHFRGHGDQGGLVSOD\HGLQ&$1PHVVDJHPRQLWRUDQGSRVLWLRQPRQLWRU
UHVSHFWLYHO\$FFRUGLQJWR)LJZHFRQILUPWKDWWKLV6'&FDQEHDSSOLHGWRHQDEOHWKHF\OLQGHUIROORZLQJ

)LJYDOLGDWLRQWHVWRI6'&LQVHOIWHVWPRGH
UHIHUHQFHVLJQDOVTXDUHZDYHLQWKLVWHVW'XHWRWKHOLPLWDWLRQRIWLPHWKHYDOLGDWLRQH[SHULPHQWIRUZKROH
PRWLRQVLPXODWRULVLQSURJUHVVIXUWKHUGHWDLOIRUWKRVHWHVWVZLOOEHLQWURGXFHGLQIXWXUH
&RQFOXVLRQDQGIXWXUHZRUN
7KH0$6PHWKRGRORJ\DQG5&3WHFKQRORJ\DUH LQWHJUDWHG LQHPEHGGHGV\VWHPGHVLJQDWKDUGZDUHDQG
VRIWZDUH OHYHO IRU GLJLWDO FRQWUROOHU DJHQW EDVHG RQ '63 7KH H[SHULPHQWDO UHVXOWV GHPRQVWUDWH WKDW WKLV
GHVLJQHG FRQWUROOHU DJHQW KDV DFKLHYHG GHVLUHG IXQFWLRQV DQG SHUIRUPDQFH $IWHU WKLV ZH FDQ FRQILGHQWO\
FRQFOXGHWKDW WKH0$6EDVHGDSSURDFKKDVVWDQGDUGL]HGWKHGHVLJQSURFHVVRIFRPSOH[FRQWUROV\VWHPDQG
WKHHIILFLHQF\RI0$6EDVHGDSSURDFKLVIXUWKHUERRVWHGE\DSSO\LQJWKH5&3WHFKQRORJ\LQVRIWZDUHOHYHO
GHVLJQRIFRQWUROOHUDJHQW,QWKHQH[WIHZPRQWKVZHZLOOFRQGXFWDQRWKHUVHULHVWHVWVWRYHULI\WKHIHDVLELOLW\
RIWKLV6'&LQWKHZKROHV\VWHPWHVW
5HIHUHQFHV
>@YDQ %UHHPHQ $-1 $JHQWEDVHG PXOWLFRQWUROOHU V\VWHPV D GHVLJQ IUDPHZRUN IRU FRPSOH[ FRQWURO
SUREOHPV3K'WKHVLV8QLYHUVLW\RI7ZHQWH
>@ -HQQLQJV156\FDUD.:RROGULGJH0$ URDGPDSRI DJHQW UHVHDUFK DQGGHYHORSPHQW$XWRQ$JHQWV
0XOWL$JHQW6\VW±
>@.HMXQ1LQJ5XTLQJ<DQJ0$6EDVHGHPEHGGHGFRQWUROV\VWHPGHVLJQPHWKRGDQGDURERWGHYHORSPHQW
SDUDGLJP0HFKDWURQLFV
>@;LQJ:X 3HLKXDQJ /RX'XQELQJ7DQJ$0XOWLDJHQW&RQWUROOHU RQ(PEHGGHG6\VWHP IRU&RPSOH[
0HFKDWURQLFV&KLQHVH&RQWURODQG'HFLVLRQ&RQIHUHQFH
>@.++RQJ:6*DQ<.&KRQJ..&KHZ&0 /HH 7<.RK$Q LQWHJUDWHG HQYLURQPHQW IRU
UDSLG SURWRW\SLQJ RI '63$OJRULWKPV XVLQJ PDWODE DQG 7H[DV LQVWUXPHQWV¶ 706&0LFURSURFHVVRUV
DQG0LFURV\VWHPV
>@.++RQJ:6*DQ<.&KRQJ 7) &KHRQJ 6+7DQ 5DSLG SURWRW\SLQJ RI '63 DOJRULWKPV RQ
9/,:706&'630LFURSURFHVVRUVDQG0LFURV\VWHPV
>@=KDR<RQJ&RQJ'DFKHQJ+DQ-XQZHL7KH'63LPSOHPHQWDWLRQRI57FRQWURORI'2)SDUDOOHOURERW
EDVHGRQ5&33URFRIWK,QWHUQDWLRQDO6\PSRVLXPRQ7HVWDQG0HDVXUHPHQW
